Abstract. The Sugar Creek Watershed is located north of Huntsville in northcentral Missouri. Water quality in Sugar Creek has been affected by acid mine drainage (AMD) generated by underground mining and coal refuse disposal before the Surface Mining Control and Reclamation Act of 1977 and has been listed on Missouri's 303d list as an impaired stream. To support the state of Missouri's development of a Total Maximum Daily Load (TMDL) assessment and remediation efforts, the Office of Surface Mining (OSM), Mid-Continent Region in cooperation with the U. S. Geological Survey (USGS), Missouri Water Science Center -Kansas City Office has completed a technical evaluation and economic and logistical feasibility study for the AMD affected waterway. Utilizing a water-quality assessment completed in 2005 by the USGS, the OSM study proposes the construction of passive treatment facilities for three major AMD sources identified by the USGS in the watershed. Site-specific remediation costs are determined for each site using OSM's Technical Innovation and Professional Services software AMDTreat. The proposed treatment systems utilize state-of-the-art passive treatment technology, including anaerobic bioreactors and vertical flow wetlands. Treatment of the discharges from two of the AMD sources add alkaline effluent from public waste-water treatment facilities for neutralizing acidity, dilution of the AMD, and addition of nutrients into the proposed wetland treatment systems. This study will be used to develop costs and a plan for the remediation of the Sugar Creek discharges and can serve as a guide in TMDL assessments in Missouri and other coal mining areas.
The Problem
The Sugar Creek Drainage is located in north-central Missouri near the town of Huntsville (Fig. 1 ). Water quality in Sugar Creek has been affected by acid mine drainage (AMD) generated by underground mining and coal refuse disposal before the Surface Mining Control and Reclamation Act of 1977 and has been listed on the Missouri's 303d list as an impaired stream. Elevated pH is the principle concern, but sub-watersheds are also affected by elevated iron, aluminum, sulfate and trace metals. Typical AMD discharges such as the Huntsville Gob Mine Pool Discharge (USGS # HG-2M, Fig. 2 ) are characterized by a low pH (median = 4.6), high acidity, dissolved iron, and sulfate [1,070 mg/L (non-Mn), 422 mg/L, and 3,245 mg/L (median values)]. Building on a USGS study (Christensen, 2005) , OSM evaluated the economic and logistical feasibility of installing passive treatment facilities to remediate the AMD in the affected waterways. 
Proposed Solution
To evaluate the cost of passive treatment OSM applied the TIPS freeware program AMDTreat (version 3.2; Means and others, 2003 ; available online at http://amd.osmre.gov/tt2/download.htm). Four discharges were evaluated: 1) Huntsville Gob Mine Pool Discharge (USGS #HG-2M).
2) Huntsville Gob Seep Collector Drain Discharge (USGS #HG-7S).
3) Calfee Slope Discharge (USGS #CS-5M).
4) Mitchell Mine Discharge (USGS #MM-3M).
Table 1 summarizes the preliminary cost estimates prepared by OSM and the pertinent design parameters used in the estimate. $1,081,000 13.9 * Estimated costs are preliminary and do not include inflation allowances and geotechnical investigation, land and/or right-of-way acquisition, access development, security considerations, and bench and pilot treatment cell installation costs; results of the latter are likely to affect full scale treatment system installation costs; annual operation costs are also not included. ** The partially treated AMD discharge will be commingled with a public waste-treatment plant discharge (USGS #CS-8S) at a 1:1 ratio to yield a total discharge flow of 60 GPM. *** The partially treated AMD discharge will be commingled with a public waste-treatment plant discharge (USGS #MM-6S) at a 1:1 ratio to yield a total discharge flow of 133.2 GPM.
The Huntsville Gob Mine Pool Discharge (USGS #HG-2M) and the Huntsville Gob Seep Collector Drain Discharge (USGS #HG-7S) are the most difficult discharges to treat because of the high acidity and the absence of an alkaline dilution water source. The collector drain discharge is a composite collection of a series of low-volume seeps from mine pool discharges and a previously reclaimed coal refuse facility. Fig. 3 and 4 show flow charts of the proposed passive treatment facilities. These systems are located in an area overlying a reclaimed coal fines impoundment and will require a geotechnical study to evaluate the site (Fig. 5) . The Calfee Slope Discharge (USGS #CS-5M) and the Mitchell Mine Discharge (USGS #MM-3M) are located in sub-watersheds with existing public water treatment facilities discharging alkaline water. These discharges can be used to provide alkalinity and dilution water greatly reducing the passive treatment cost (Table 1 , Fig. 6 and 7) . Beneficial nutrients would also be added from the waste-water discharge. Figures 8 and 9 show the proposed location of passive treatment cells for the Calfee Slope Discharge, which are in part located adjacent to a waste-treatment facility. Figure 10 shows the proposed location of passive treatment cells for the Mitchell Mine Discharge, the drainage for which is also located adjacent to an existing waste-treatment facility. 
